Abstract-Analysis of superconducting generator in single machine double-line infinite-bus transmission system equipped with SFCL's has been performed by use of EMTDC/PSCAD. When some faults occur in one transmission line, the SFCL in the fault line operates and then the peak fault current can be limited to expected value by use of a function of the SFCL. However, in some cases, the SFCL in the other sound line has been also proved to occasionally operate due to the interaction through each transmission line. Problems due to an installation of the SFCL's in such a model system and the influences on the superconducting generator have been pointed out by simulation analysis.
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I. INTRODUCTION
A S IS well known, R&D on various kinds of superconducting fault current limiters (SFCL's) [1] - [3] is going on worldwide for the purpose to enhance the stability and reliability of highly sophisticated electric power networks. Also a location problem of superconducting AC generators (SCG) with intrinsically high performances has been proposed to cope with earth environmental problems toward reduction of CO emission. National R&D project on SCG in Japan has been going on toward 600 MW class pilot machine, after successfully finishing the 12-years first stage 70 MW class model machine [4] and operating in an actual power grid [5] . Most recently, R&D on 100 MVA class high-superconducting generator has been announced in USA [6] .
On the other hand, the location and specifications of the SFCL's have been investigated. Their installation selection problems are of the most importance in order to decide specifications of the SFCL's. Locations to install in main power transmission lines, bank link lines and/or distribution power networks, etc has been considered [7] - [11] . However, there following were not investigated: influences of the SFCL's on alternators and interactions between the SFCL's in electric power networks. This paper describes the EMTDC (TM) (which is a general purpose time domain simulation program for simulating power systems transients and its control)/PSCAD (TM) (which is a multipurpose graphical user interface capable of supporting a variety of power system simulation programs) simulation results in terms of SFCLs' influences on a 200 MW class SCG and their interactions, which are installed in single-machine doublepower transmission infinite-bus system. Referring to the basic modeling of the SFCL's in [7] , [11] , resistive and inductive types were considered under various fault conditions in the above power system, in which a double line is assumed to have the same specification of the SFCL's. Here are presented the simulated results during fault clearing time of only a single line and just after opening the fault line by circuit breaker connected in series with the SFCL. Transients in the SCG designed strongly on SFCLs' parameters. For example, it will be shown that interaction between SFCL's is very important and SFCLs' specifications must be individually adjusted to prevent interactions of SFCL's, and optimal design of the SCG must be modified again.
II. SIMULATION SYSTEM MODEL

A. Power System Model
A simulation system model consists of SCG, step-up transformer, two 100 km parallel transmission line with circuit breaker, SFCL and infinite bus, is shown in Fig. 1 . In the steady state, the rated power (active power pu and reactive power pu) is assumed to flow through parallel transmission lines. Various kinds of faults have been simulated in line-1 of parallel lines for a fault clearing time of 0.05 s (3 cycles in 60 Hz), changing parameters of the SFCL as stated later. In this paper the simulation results only for the case of sudden 3-phase ground fault and the rated power flows only through the second (nonfault) line after clearing the fault line by the circuit breaker are shown. Other results will be presented in continuous paper. 
B. Superconducting Generator (SCG)
Toward the central part of the SCG, the general structure of SCG consists of magnetic shield, air-cored armature winding, warm damper shield, cold damper/thermal radiation shield, superconducting field winding inside cryogenic vessel, and torque tubes supporting the field winding. In order to control active/ reactive powers and frequency, the SCG is equipped with the simplified speed governor system (GOV:
Js, s) and the automatic voltage regulator (AVR: , s and Wb for PSS introduced a feedback input power signal of ) with nontraditional (low-voltage, high-current) voltage source as shown in Fig. 2 .
C. SFCL Model
Two superconducting state to normal conducting state (S/N) transition type of SFCL's which have same characteristics were applied to parallel transmission lines as shown in Fig. 1 . In this paper, no normal state to superconducting state (N/S) recovery of the SFCL during fault clearing time 0.05 s is assumed to appear. Fig. 3 shows the assumed SFCL model used in simulation [11] , providing for resistive and/or inductive functions. Impedance of SFCLs' model is expressed by: (1) where is time constant to characterize the appearance of the impedance, is delay time, and . and denote resistive and inductive types, respectively. denotes a 
III. SIMULATION RESULTS
Even in the case of symmetrical fault such as 3-phase ground fault, since an initiation of S/N transition for each phase is different, transients in phase current should be noted to be unsymmetrical. The transient peak value of each phase current occasionally happens to be larger than the expected quench value .
A. Introduction of Resistive Type of SFCL (R-SFCL)
In the case of a resistive SFCL's (R-SFCL), 3-phase ground fault was first simulated, focusing on each line current and SCG dynamic performances while changing such as 0.0, 0.1, and 1.0 pu and keeping ms and pu (case 1). Secondly, while changing , 10.0, and 50.0 ms and keeping pu and pu (case 2), the same simulation was carried out. Furthermore, while changing , 3.0, and 5.0 pu and keeping pu and ms (case 3), the same simulation was done as shown in Table I .
First of all, for ms and pu (case 1), transients in armature currents of the SCG dependent on and the results are shown in Fig. 4 . It should be noted that large value of suppresses peak current during fault clearing time and transient currents' variations after clearing time are also moderate. Fig. 5 show transients in transmission lines currents. The introduction of R-SFCL's generally tend to reduce current transients in both lines, but the interference between two lines occasionally happens in case of low and even R-SFCL of the second (nonfault) line was activated.
Next, while changing , 50.0 ms and keeping pu and pu (case 2), transients of the armature currents and load angle variations is simulated. In case of ms, the R-SFCL of the second (nonfault) line is found to turn to the normal state because there are terminal voltage rise and their currents arise beyond pu. Fig. 6 (a) and (b) shows the field current variations of the SCG for cases of , 50.0 ms. ms yields little variation. As the last case, while changing , 5.0 pu and keeping pu and ms (case 3), the armature current transients are also simulated. In case of pu, the normal state in R-SFCL's of the second (nonfault) transmission line occurs during fault clearing time as well as changing and . The field current variation of Fig. 6(c) and (d) also demonstrates S/N transition of R-SFCL's of the sound transmission line in case of pu. Fig. 4 . Armature current waveform of SCG ( ms, pu). 
B. Introduction of Inductive Type of SFCL (L-SFCL)
As parameters of inductive SFCL's (L-SFCL), there is as well as and are used. The system performances, only while changing , 10.0 pu, and keeping pu and ms are discussed. Fig. 7 illustrates the armature current variations of the SCG. Transients are quite different from those of R-SFCL. Fig. 8 shows the current transients in parallel transmission line. It should be noted that, just like the case of R-SFCL, L-SFCL's of the second (nonfault) transmission line turn to normal state depending on selection of parameters in L-SFCL's, large DC components in current transients appear, resulting in poor damping. This DC components explained by the difference of the time constant of the L-SFCL and of the R-SFCL.
C. Comparison of R-SFCL and L-SFCL
Introduction of both R-and L-SFCL's has been proved to limit fault currents to the expected value by appropriate selection of parameters. However, it is as found interference between SFCL's installed in parallel transmission lines occurred. For example, R-SFCL's of the second (nonfault) line do not cause S/N transition for case of larger than about pu, while L-SFCL's cause S/N transition for case of smaller than about pu. If moderate is desirable, then R-SFCL's have some advantages over L-SFCL's. In addition, R-SFCL's do not cause large disturbances in the SCG armature and the transmission line currents without large DC components during fault and after fault clearing time. On the contrary, in case of L-SFCL's, current transients in the SCG armature and the transmission line currents have very slow damping of large DC components, but rapidly limiting AC components.
This simulation study was done just for a simple power system model. Needless to say, case-by-case studies are much required for the introduction and location selection of R-and L-SFCL's in various power networks.
IV. CONCLUSION
In this paper, only a simple electric power system with a superconducting generator has been investigated by using EMTDC/PSCAD. SFCLs' characteristics are modeled as exponentially time varying appearance of their impedances, which can define R-and L-SFCL's respectively.
In case of R-SFCL's, fault currents are greatly limited when is large and the is small, and transients inside the SCG are effectively limited. L-SFCL's are demonstrated to greatly reduce AC components of transient currents. For case of both type of SFCL's, a selection of is very important. When its value is too large, current limiting capability is not enough. When its value is too small, SFCL installed in the other (nonfault) power line is shown to be activated occasionally. There is a high probability that black-out may be extending over wide area of power networks, due to interaction in connection with location selection of SFCL's.
